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(54) CIRCUIT AND METHOD FOR GENERATING VOLTAGE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a low voltage 
generating circuit and a low voltage generating method 
capable of generating the reference voltage lower than a _ 
conventional value. 

SOLUTION: The voltage generating circuit for supplying 
the voltage lower than the band gap voltage comprises 
an amplifier having first and second inputs, first to third 
current sources for supplying the substantially equal 
current, a first junction element disposed between the 
first input of the amplifier and the ground, a second 
junction element and a resistor provided in series 
between the second input of the amplifier and the 
ground, a third junction element provided between a bias 
element and the ground, a voltage divider having a 
terminal connected to a source of the third junction 
element and added to the third junction element, and the 
first current source is connected to the first input of the 
amplifier, and the second current source is connected to 
the second input of the amplifier. 
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(-A^£SSfftofclflEifc.&. 
[OO 1 9] flU^T. *!6WI*s fc6J:f UOOmV 

H^t iJBf T? £ * tU *>lIE0)f&£73 5££ * 

t?. 7354l=«fc^i:, $ 1 0)1351*$ i 0)¥»tt££ifl^- 
l=«tt**U $1 0)135 £fSft±S?LI^*# <5?0)$ 2 0) 
*9Kl*lft&ll::tta**tfeft 2 0>¥#ttft^S&*-fc$ 1 05 
ffiiarcttlfg**!.*. $2 0)¥3£i*&^ffc ; ?-f*, $10)^ 

0)*#£) tt**M$tt;u c*ii=<fey. $i0)*g-&gp 

£>I£1350>ffi£l±$ 2 0)&£&£ >I-513S0)®&U:£t 
0«LT*#fct0>£fc£„ $ 1 0)#»tt«£ifi^i*, if 

ftSLm^tHzmffiZhx^Zo C<D$S*> $l0)¥Sft 

m^m^-ft-r^ztiz^^m&mT&it. $2©#* 

(*J*-&jfr?-£fl-T -5 ^ t l-cfc-SlEEP^TiiJ: y t*£ 

<. «n^i*$i <DSSxi=a+i*. $20)1350)*^;* 

I*1IIMIzJ*0iJ U $1 ©ffittl-<fe^;SSfiia^^-r o 
y 77U>X»IEI±. M5iJI;iaitt>ftfc^Ll^£$iifft^ 
fr£fc-£Sttfcl£3njlcgm*;Kfcl353§£t?Ll\, $2 

y77i^>xiEEiciD^.b^ mttmrnttstiz. 

U77l/>^iE(0igSI»li < $2 0l3i||c 
[0 0 2 0] 

[002 1 ] g]1l**aiBja>$1 (7)ilJ£0iJa)tHliESEl-l7fe 
fco 13iE;Ji I 1 (*!)§iliif§ISA 1 (OS|iA73lc^iSi$^. 

ztttizv-4*— to t zn-Lx&mztix^z, m 
mm i 2i*!isaiiiissA 1 <Dits.&Atnzmtfiz*iz,t 

ttlCtStitR 1 feJ:t;'Sr'r7)--KD2$^L-C^ife$^ 

135;® I 3l*t5fctR3$^LrSite^^, s ^ 
fc> SfetR2$^L.T$4 0)1353S I 4 £flMR£;|vci* 

•So El 1 lzm^H^>/0 K^-v -yT" 1 ; 77 uvxiussro 

Mmi&LTa>ekft$mmt?%ztX'mMx2*. 

[0 0 2 2] (D 1353SI1, I 2 fc«fcur i 3I±I?L 
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[0023] (2) *g£tR2 t R 3 <7)filtt^ L < . *0) 

"[0024] (3) 5ff^-- KD2<D}f-&^|JUI*^-f 7(- 

.-KD1 y t^^O. 

• [0 0 2 5] Z*l£>0)$;ft-<DTV. ««E»6*irt»*/< 

-rat. 

AVf=Vf (Dl)-Vf (D2) =k*T/q*l 
n 1 0 

cc-e, v f (d i ) , v f (D2) o>*ti*titt % * 

J*— KD1, D 2 C: £ 3 ^EEPTF £t>|::l%-5 
<fc, 3 0 0° K-Cj£tfel**t4^ai=fc^r, AVfl*6 

omv-efcy, o. 2mv/°cro;afi«a^-r-5. 

[0 0 2 6] S1 ZmS-tZt. «trlR1 ICk-SmiEK 

ti*a v f izizuTztmmztiZo m&mmsA i w 

R 1 ICfrfr-SBEEliA V f COlSJlli. Mit 

*nt<c*»»=i3iE-r*. ±E©.t3i::wstau i. 

mSiEMl 2l*lslTimLL^CtA<!&S<t^C^ 0 
[0027] I 2=A V f /R1 = Ck*T/q] * 
C I n 1 0/R 1 ] 
y-fj*-— KD3ICJ:5aBE^TV f (D3) ©t<S< 
fc K9MM 4fr&0ttt$ti«*SKlcJ:y£fe£ 

£:ft.<5. *StXl 4A<tti>&r-5m3il(0A#$l4*S-CI4 
fcl^<, Rlr^ajaiEKTV f (D3) *<££-*-<& J: 31= 
5-*.£>;h,&. iE^TV f (D3) I4^;g-Cl*7 0 Om 

[002 8] y-f*-KD3i*ttR2, R3^&<C«|§| 

(D3) *R3/ (R2+R3) ©tEt. R2tR3 
OttM&ftSttoiilB&ffff-efcS. *mJ|cr2 = R3 
= 1 0 KQfr*lli\ 3 5 OmVOTWEi:- 1 mV/°C<&;S 
Jtfi*18fc£ft^ 5 K Q0tttta)iai»&eflifcl\3 C t |=aSc 
CZIe, I 3 A<aRHjiA/-Cflffil<DaiI^SI^ 

t" So to*.!*, R 1 =1 KQftMt. Ria>jSS4g(DB 
EI:»Lt5KQ/l KQ-5ffi(Di|WK&tt«fett>. 

I 3 y 3 0 OmV1?jggfig»+ 1 mV<7)«EEA<_tfe7 7" 
■t>0)^mVUtii^tltz3 5 OmV(D«/Ii:- 1 niV/tltD 

/SS«6»©aEEi=ftia:*4iS. Of-y. 6 5 OmVeiSt 

[0 0 2 9] »aLf=«tHl l=*Lfc/<> 



[0 0 3 0] I 2 = N* MtU |3 = P*| 

2 0ttttT*« ^-f^-KD2 0)jS^«Saf-f^— KD 

sax*. 

[003 1] 

M=ls*exp[q*Vf (D1) / (k*T) ] 
l2=M*ls*exp [q*Vf (D2) / (k* 
T) ] 

AVf=Vf (Dl)-Vf (D2) = (k*T/q) 
* ( I n (M* N) ) 

*fcs mamma i fl><#i4*ssajae<i'5:*(Dt-r* 

ts 

A V f = I 2 * R 1 

[0032] l3 = P*l2=(P*k*T/q) 
C ( I n (M* N) ) /R1] 

<fc * VEXOttSli. Jtm It L Hfetlt r 2 

*R3/ (R2 + R3) T^>l=«fc*ltf, 
CV f *R3] / (R2 + R3) (DXZZtUZ, C*l 
lis B3SE«1 I 3l=*ytt»**i*«itttC!tl&«)»LL* 
A#S<D|£Si£jI.5frib-efey x . y 77 U>XH!EV o 

u t li-fiftWicjaTic* y«s*L*. 

[0033] V o u t = [Vf *R3/ (R2 + R 
3) ] + [ (k * T/q) *P*R2*R3/ (R2 + 
R3) /R 1 * I n (M* N) ] 

S&l^f*. -2R3/ (R2 + R3) mV/°C05ft(D;U 

*i J: y 'J 7 7 U>xflEa)slJSfi6»*iE, 

[0 0 3 4] ±£0*1*1*81*. *5BK<D|att*5«fcOt» 
«fA^Wfltl=5l#tH**t5. K^fWT'y 77 U> 

ctibrofti^Saibt^c tic* y, ;fcsssi?a>££#£ 

^JStfiJ <!:&•?>. ffctp*,, ^>m";7"'J77l/^ 
US. 

[0 0 3 5] 02 £#Hrr-5<t> BI1 l=*Lfc@»c7)SI 
J6«yT?fc*CtA<-*-CI=3g<8-v?**. 4N14MMA1 
I*, n p n b^l/isXZQ 1 , Q2<7>*frf>Mbfc-5g!!!A 
77S^^iL\ »JU«*»A1l*h9>5?X*Q3, Q4 
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. R 1 (D-tft-fftl** h7>^X$Q1, Q2<Z>'<— Xl= 

£&-5$§jHii|®StA1 <0tb*l*. B3S31t?fe-5p n p h 
7>vX5 I 1 , l 2, I 3, I 4CDK— xicitffiA^l 

*;tiT05. nmvait* *&Bjnzm®X'3)Z>zk&gto 

tOO 3 6] 02IC^*^t^/W^— ^Kcfc-S/O K^r 

t;iSfflS?^BI1 l3-&t>#<5i&^l4fe^. mile, mail I 

B-r^^l?*.*,, "f «titR2«!:R3<Dfit*<^^ 
fcif^ K D 1 <D7 S - PltfetfLR 2lZ&ffi-t 

s-t*<t?^, assail 4 *><fci;s3fl>&£ftiTD3a< 

ttyft$*i«. *^l=*>(t*croj:5tClBSA<El3lz 
^£*t-5o JtaS.T. El2*>«ti;|gl3lc^*ti'SlH]Kl*s 
{ftil&aiEv cct h7>i?X$Q2(C<- XtOFallCS 
^£*ifc«taR5£#t; 0 JtinRSI*. {ft&BEEVcc 

[0037] El2fccfctfEl3a>/<> K^-V-V^U^TU 

fc^WKLfctfoTltBS©©^^?,, ftlc.. 11=1 
2=1 3iU D 2<D^— X^CXS ^^^■COJ^^ 
S$D1 ©1 Ofn £ L» R2 = R3=1 0R1if4 
<!:. 'J77U>xreilVoutl*6 5 0mVi§i|, ;SJS 
&&l*0. 2mV/ 0 C-Cfc$ <> 
[0038] 5fei^Lfc«fc?lc s *#glJBI*1. OVtL< 

x[is&£i§t>t-f 5. dros^i=ffi^r> H2fc«fci;igi3 

CKOMilCOl^T. I 1, I 2, I 3, I 4 0> 

€4x0)3 $ - x s $ wwa***- <tc<tt5 

— K D 1 , D 3 [Zfrfr%>1!t\S.l3*7 0 OmVtfe'J , D2 
/R 1 |CM«1E/|<6 4 OmVffey, ®S&£*8A< 
ttSKSO h7>i?X$a>I!)tt£«iIE-f SC.*: -So 
>vA$ Q 1 , Q 2 IcJ: 6 h=/ 
Q20 / < — XHI£A<7 0 OmVPfcU, 1=7 

*Q2©3U*5iiEI4Vcc-Vf tfcy, CCt, 
P n pl^tfJV f 1*2 0 0mVT?i4ftl*^ h7>i?X 
*Q2«>3 U?*-X5 •^•S'F^<D^«B£EI±1 4 0mV 



fQiico^tt. *m.to\z\tmiMigizmm-fz>zt 

l9 2*fcl*l2l3rz^LfclalSSl*8 1 OrnVO) 

tt$&aai=«fey»f*r*. &ii&«Ej!><9oomv-e;&s 

it^fc. K^fVy^'J 77- U>XIslSSl*2 0°C<D 
iiSl?liV f tfitJtaU 9 0mV?IJS-I?l|j|fN _ -5 <> 
[0 0 3 9] El 4 £#^1" -Sir* Bl2^fcl* 
fg|3|z^*^5y 7r U>xBEE3t£II]S&(::, /*-f7K— 

7fS-& h=*>vX^/-£lfP/«C<, MOS h7>yx$^ 

[0 0 4 0] El4(C;fclt&4§3iti|iM$gA 1 li. n^** 
WOSh7i"^?Qli, Q1 2A^P>4SfiR**t-5A 

afcffr&fc-sgHiAaK^i;. Aft&av— xa^y-i* 

V— XJStaR 1 4£3>LT&i6£;h.T 
t^. «taR1 4I* S AAlttlzttLTOVSKSlzfttfeJ: 
? fc«8«?£Hlfc-f o »Siiffl»A1l*, H7^vX$Q 
13, Q 1 4^P,«jS^tt-5* U> (-57- SOtllSa 
**£ig»rr&. f^^t-KD1lth7>^4rQ1 

i?x$cn 2roKu^>-e;fc«iSii±i4i§SAi<Da* 

I*. Mft*9tS*fl|jft-*-« K7^X^ II, 12, I 
3, I 4 05A7J (<7*-h) SffiT»r«$&^^.T^-S. «3!E 
SSI*. *5eBH<&±&LfcEll &^L|g|3|::;F.Lfcra3yi 
4:§IHWl=^L<«:*fcftl=, **i.-?4i»LL»«aE*ilt 

[0 04 1] H4lC^-r@&l*02fcJ:t/0 3|Cjj*L7i: 

4i±!»gsiiii§isA 1 taaicfcyffiKijkfu 

KD3lc/WTX«SS^tt*&-r-5. ^t-KD3. « 

ai=4Ba-*-«. itt?iJ»Sil*ataR2, R 3 £3fcyiJ|::ifta<?* 
^t7"t*f=R2/R3ICffi^L. Voutl*5f-f^— KD3 
^»HLf=»TaiEi:*ih,^ 0 01 fc^LH3l=jjT;*;h. 

oic^ssffl-e^a. -r&fr^ agiE-is M, 12,13 

A<SSWT*ab*i: U y-f*— KD 2 roJt^IlgEA^y-r 
t-KD1 (Dm-SmMO) 0^iy±A^^4: U R2 = 
R3 = 10RUnt > VouthfcSS&SWOmV/ 
°C<D6 5 OmVtiSi), i/'J 3><D/<> K^fv^^^EE 

[0 0 4 2] ±fS<Df*i©l*. H;TSVDD<J;ytti|&^^i 
•5, ^*^^fc^SL^aEE^?a)MOS|c e ^:^|5ls§(0®!Iff^ 

^ 9 o omvtn. mssii i i , 12, 1 3«fcy{&& 

>vX^I*V— X- KU"T>Fb^<5 OmV<D«i4Mt^f 
•5<tl!)^-r^ 0 y-f*— KD1, D 3 (cA>^i>aEI4$5 
700mVT?Joy, jStaR1/y-<^— KD2|CA^A^^, 
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y>mmmz^ 5 0mvss<Di ! F^ffl*}#o 0 mmm 

IISAKDAMQ1 1, Q12I*. t-7^X?Q1 
. 2<DY— h«E^7 0 0mVCfc.5;ii:;!><*D&;h,-Clx 

H*<&)5 O OmVT?fcy, h7>i?XjQ12(DV-?. 
mffiA<2 0 OmVtFfcSyitoTJfc^. h^^X^QI 
2CDKU-fi>1iIl4 0 0mVI*VDDI::3£L<, PMO 
S h7>S?X$0!>Y— K-V— XMttE msOOm 

>v>X$Q1 2 0) KU-f> - V— XM®EI*2 0 OmV 

1EC1 5 0mV<D£*8£#oTKlf1;£*T?„ ISMC 

[0 0 4 3] 0 4(=^LfcMOS£ffil*fc|a]S&l::te. ® 
3S £ 0>fta V D D IZ <fc § i&f|= & X $ — h 7 V 
7"HIS&S 1 *><J|fig£;h..& 0 X*-hT-v7~[p|!&l*, KU 
•<>ffifii*<m3!Ejll I 1 , 12, 13, I 4(0A*fcJ:O 
MattMHI A 1 <7>m^l=*iil-«i!S3FHfcNMOS h7 
^7X*Q 1 7£afiHT6. h7>i?X?Q17©y- 

hWNMOS h7>i?X$Q1 6©KH'>tftI 
ICj&gteftTU-S. h7>2>X$Q 1 6©y- Mi, « 
*tR2i:R3i:(D*rda«^l=fc^r^gS;IS I 3 05tU*i 
£}&l&$;h.-CO-5o h7^i>Q17(!)y-hth7 
>S?X$R1 6©h'L"f>ttPMOS h7>vX$Q1 

h7>-/^$Qi 6\t$m&#.m\zt}Z>i><, h7>i?x 

$Q1 71* h^^XSQI 5£fl-LTA-l'7 , X£;h/C 

*>y. mssas-efc-s h7>5?x* i i , 12, 13, 1 

m3£^ 35-T C t 4 A'f TX«JEA< h 7 >i?X ^ Q 

7 U>XBffi&£HS&A<£$ttg§a>PpI]l*X$- KT-vT* 

[0044] ^mmz^^mmmmt^Ti^H^^a) 

^ILTtJ:^ 0"Jxl*\ 0 2fc«fctf03l::^L7i/< 
^*-7¥gttl::££*»BJ<7>fSS&0J£;j*U 04(C|* 
MOSI=«fc&*&BJ3(7)2iJS0J£^L*:A<, *&W\t. # 

Hi !ifl>LS3$iia^-^-t±l=d:4. B i CMO 
S^JglCj: yHSLTtiO. 7J0*.T, 02 *3«fctP|g| 3 
l=fcl+£> P N P h^>i?X^^PMOS h7>vX^t 

[004 5] 



[0 0 4 6] ftlc, l2&tfl30><fiA<3FL<. 
£^D2[**g£D1<D10te(D®?g£ft*, % »taR2iR3l*tt 

> K^v>^'j7TU>xiaiESa)^j:-5if^a)S^L 

[0047] wmni£vcct><t>-rfr9oomv<D&f&%m-r 
a. vstam, 12, \38.tf\4&mm? -smos h7>^ 

<Dttffi£700mV, «RSA^D2l*640roV<t'S:^) i: LTt.15 
OmV© ft •£„ 

[0 0 4 8] hv^^X^ 01 2(0-7*— hm<4*<700mVlC& 
&<7>T?, V-XttliC^b7- h • V— XfB1«IE 

(#J*i*500mVfi£i::lss^)£&i:fcttifc.& o -7j 
K U-f >atil*a3I«EEVDDfr fePMOS h =j i?X 3» <D<7* 
— h • V— XF^miE(«!Ix«500mVt^nItB)7>TA<o 

i?x $1 01 1 [z -o i^t * ft 

[OO 4 9] «toT*HJ6«lJI*^;g-eii, «3S«EVcc 
A<750mVKlJi-el!)ff-r*. SJS*<45' Ci£TLT-20' etc 

3imilVcc=840(nV-e & U ^ U TrUfE?" -5. 
[0 0 5 0] fi£3fetf>/*> K^rW^'J 77 U^XlHlS&At 

<t, sj®aEA<i.2v-v>iv<oB#ftic % *§&m<D®&vnffi. 
[01] 0 1 1*. isSprtg^css^SfcicT. *> y 3 

7r U>XBE^5E^-r^*^BJ|cJ:^y 77- U>Xli 

[S2] El2l*^||BJ^/\V7K— ^ h^>i?X^lcr« 
fig Lfc^IS#J(D[ilKiaT?fc4c 
[03] 0 31***8^^/^^-7 h^i/^X^lCTW 

[04] 0 4l**f|B^i&MOS F ET^ffllNT7C^IC 

[0 5] 0 51*. yija^ifti^/^K^'yT" 
ffiIEI=fcfc«>:-t^Lt^y 7? U>xmH£. ;SS«i!aA< 

K0-e3&-So 

11-14 H3i!;Jl 

ai »i3Jiffi» 
R 1 ~ R 3 get 

D1~D3 y-f 7h— K 
Q1-Q4 h7>vX9 
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[03] 




[04] 



A.1 
I — 



- VDD 



014 



HE 



Qll Q12 



HB 



3- 



R14 



Dl 



He 



12 13 



FIB 



V 



Rl 



D2 



"rlE 



> R2 



2 



► R3 



D3 



Q15 



Mb 

018 



HE 



Vout 

-o 



Q17 



GND 



F£ — 5H410 BB04 CC02 DD02 EA10 EA12 

EA33 EA38 EB14 EB37 FF03 
FF14 FF23 GG05 LL09 
5H420 BB12 CC02 DD02 EA10 EA18 
EA43 EB15 EB37 FF03 FF14 
FF23 LL07 NA12 NA13 NA20 
NA21 NB02 NB12 NB19 NB33 
NB36 NC02 NC12 NCI 8 NC20 
NC23 NE22 NE23 NE26 NE28 



